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The deduced amino acid sequences of cDNA clones encoding human GABA* receptor al and /Jl subunits are presented. 
The human subunits display very high levels of sequence identity with the corresponding bovine receptor subunits. The 
cloned human GABAA receptor subunits induce the formation of GABA-gated chloride channels when expressed in 
mammalian cells. 
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1. INTRODUCTION 
Receptors for the major inhibitory neurotrans- 
mitter GABA (y-aminobutyric acid) are present on 
the majority of neurons in the mammalian brain. 
The GABA* receptor contains an intrinsic chloride 
ion channel which is opened (gated) by the neuro- 
transmitter, thus stabilizing the neuron’s resting 
potential [ 11. Channel activity can be allosterically 
modulated by therapeutically useful drugs e.g. bar- 
biturates and benzodiazepines [l]. The primary 
structure of the cloned bovine a and ,8 subunits has 
shown the existence of a ligand-gated ion channel 
receptor superfamily [2]. Coexpression of these 
subunits in Xenopus oocytes produces receptors 
with many functional characteristics of native 
GABA* receptors [2]. The clinical importance of 
drugs that act at this ubiquitous brain receptor 
makes it desirable to characterize the structure of 
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the human receptor subtypes. To this end we have 
cloned and sequenced the human GABAA receptor 
~1 and pl subunits and expressed them in mam- 
malian cells. 
2. MATERIALS AND METHODS 
Full-length GABAA receptor cul and ,f31 subunit cDNAs were 
isolated from a human fetal brain cDNA library, constructed in 
hgtl0 by standard methods. 2 x lo6 pfu of this library were 
screened with subunit-specific radiolabelled oligonucleotides 
based on the bovine cDNA sequences: al subunit, 5’-ACCCT- 
GGCCAGATTAGGTGTGTAGCTGGTTGCTGTTGGA-3’; 
,& subunit, 5’-TCCCACGCCCGTGAGCACTTCAGAGGC- 
CGCTCG TCTC GTTCCTG ATCTCC GGGTACT GAGGAG- 
AATGTTGCCGTG-3’. Three cul subunit cDNA clones were 
analyzed and the largest (in hhGRa28), 4.25 kb in size, was se- 
quenced across the coding, and into the 3 ‘-untranslated region. 
Eight cloned 81 subunit cDNAs were obtained and rescreened 
with specific 5’- and 3 ‘-oligonucleotides based on the known 
bovine/31 cDNA sequence. One (AhGR/?l9) which hybridized to 
both probes was sequenced. Two,&1 cDNAs positive only to the 
3’-probes (hhGIQ?lS) contained an additional T at position 
1220, unlike hhGRpl9. This missing nucleotide was added to 
the sequence derived from XhGRJ19 by site-directed 
mutagenesis, using the oligonucleotide 5 ’ -ATGTACTCCTA- 
TGACGAGCG-3 ’ , thus restoring the reading frame to com- 
plete alignment with the bovine ,91 subunit cDNA. DNA 
sequences were obtained using the chain-termination method 
[4] and Ml3 vectors. 
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-2s f.. HWTYONRESLGLLSFPYHI 
1 GAAAAGACAATTCTTTTAATCAG~~~~~AGTAA~G~GGACAG~ACAAAA~CG~~~~~~AGTC~~~C~TC~CTCTT~CCCTGTGA~GA~~ 
t 
i: ACCATGGTCTGTTGTGCACACAGCACCAA,GAACCCAGCAACA~GCCA~ACG,GAAAGAGAC~~~AC~A~,GC~CAAAGGA,A,GAC 
:HYCCAHS:NEPSNH~Y"KETYDRLLKGYO 
2s IRLRPOFGGPPVOVGHRIOVAS~O~~S~~~ 
179 ATTCGCTTGCGGCCGGACTTCGG/\GGGCCCCCG/\~ 
2,': ATGGATTATACACTCACCATGTATTTCCAGCAG,C~~GGIC,CACCC~AGAC 
MOYTlTMYFOOSWKOKRLSYSGIPtNLfLO 
85 NRYADOLW"POTYFLNOKIS~""G"~"~~~ 
359 AATAGGGTAGCTGACCAACTC~~G~ACCTIC~CACAG~GAAAAA~CGA 
. . . . 
115 nIRLHPOGTYLYGLRI7TTAlCnnOLRRYP 
449 A?GATTCGACTGCATCCTGATGGAAC~~~C,C~A~GGAC~CCGAA~CACAACCACAGC~GCA~G,A~GA~GGA~C,~CGAAGA,A~CCA 
. . . . . . . . . . . ..- 
145 LDEPNCTtEIESYGYT7DDIEFYWNGtEGA 
S-39 CTGGATGI\GC~AACTGCACCCTGGAGA~CGPI/\Ki7 
175 "TGYNIIELPOFSIVOY~HVSIKVEFTTGe 
629 GTCACTGGTGTTAATAAAA~CGPIICTICCTCLITTGCG 
205 YPALSLSFRLlRNIGYFILOTYHPSTLITI 
719 TATCCACGACTGTCACTAI\tTTTTCG,C,AAAGAGAAACA~,GG~,AC,,CA,~~~GCAAACC~ACA,GCC,~C~ACAC~GA,~ACAA,~ 
235 LSWYSFWINYOASAARVALGITTVLTHTTI 
809 CTGTCCTGGGTGTCTT7TTGGA,CAAC~A,GA~GCA,C~GC~CCAGAG,CGCAC~~GAA~CACGACGG~GC~~ACAA~GACAACCA,C 
265 STHLR~TLPIIPYVYAIOIYLHGCFVFYFL 
899 AGCACCCACCTCAGGGAGACCCTGCCAAAGATCCCllATG~CAAAGCGA~TGATAllTATClGATGGGT~GCl~TGlGTl~G~GTTCClG 
G 
295 ALLEYAFVNYIFFGKGPOXIGAS~GGGSA~ 
989 GCTCTGCTGGAGTATGCCTTTGTLLITTICATCTTCTTTGAAAAAGGGAGC~AGCAAACAAGACCAGAG~GCCAA~ 
325 EKNKLEHNKYOVOAHGNILLSTLEIRNETS 
1079 GAGAAGAATAAACTGGAGATGAA'AAAG~CCAGGTCGACGCCCACGG~AACA~~C~CC~CAGCACCC~GGAAA~CCGGAA~GAGACGAG~ 
355 GSEYLT~"~DPK:THYSYOSAS~G"~~~~S 
,169 GGCTCGGAAGTGCTCACGAGCG~GAGCGACCCCAAGGCCACCA~G~AC~CC~A~GAC~CGCCAGCA~CCAG~ACCGCAAGCCCC~GAGC 
385 
1259 AGCCGCGAGGCCTACGGGCGCGCCC7tGl\tCGGCACGGG 
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Fig.1. DNA and predicted amino acid sequence of the human GABA* receptor (~1 (a) and 81 (b) subunit cDNAs. Amino acid 
numbering starts at the proposed mature N-terminal residues. The putative signal sequence cleavage site is indicated by an arrow and 
the signal sequence is shown in negative numbering. The proposed membrane-spanning hydrophobic sequences are highlighted by 
overscoring, the disulfide-bonded loop region is indicated by a dotted line and the putative extracellularly located N-glycosylation sites 
are boxed. Asterisks denote both 3’-terminal stop codon and the first upstream in-frame stop codon in the 5’-untranslated sequence. 
Amino acids that differ from the bovine sequences are indicated above the human polypeptide sequence. 
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Fig.2. Dependence of the GABA-induced current on ligand concentration. (a) The membrane current at the resting potential ( - 60 mV) 
was recorded from a cell transfected with the al +,L?l subunits using the patch-clamp technique in the whole cell configuration. GABA 
was applied as indicated by the bar at the given concentrations. A dose-dependent inward current was observed. (b) Dose-response 
curve of GABA-induced currents Q for the experiment shown in a, log-log scale (Hill plot). The slope of the curve at low GABA 
concentrations is approx. 1, suggesting a single-binding site for the ligand. (c) The membrane current was measured while briefly 
clamping membrane potential (V,,,) from the resting value (- 60 mV) to 120, - 90, - 30, 0, 30 and 60 mV for a period of 200 ms with 
1 s intervals. This series of voltage jumps was continuously applied. GABA was added as indicated by the bar at a concentration of 
10m4 M. (d) Currents (I) before application of GABA were subtracted from currents in the presence of GABA for the experiments 
shown in c and plotted as a function of membrane potential (V,,,). V&l- = 0 mV, V,,,K+ = - 84 mV and v,,,Na+ 2 80 mV. 
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The cul- and pl-subunit cDNAs were expressed and analysed 
in mammalian tissue culture cells as previously described [3]. 
Membrane currents were recorded, using the patch-clamp 
technique in the whole cell configuration. 
3. RESULTS AND DISCUSSION 
Using oligonucleotide probes, cloned human 
GABA* receptor cul and ,&l subunit cDNAs were 
isolated from a human fetal brain cDNA library. 
One of three al cDNAs was sequenced and found 
to be full-length. Rescreening of eight pl cDNA 
clones with 5 ’ - and 3 ’ -sequence-specific oligonu- 
cleotide probes identified a single full-length 
cDNA encoding this subunit. The DNA and pre- 
dicted polypeptide sequence of the cul and fll 
cDNAs (fig. 1) reveal a very high degree of conser- 
vation with the corresponding bovine sequences 
[2]. The 456 amino acid cul subunit which contains 
a 27 residue signal peptide displays 99Vo sequence 
identity (five amino acid differences) with the 
bovine crl subunit. However, of these, four are 
located within the signal sequence. The only dif- 
ference in this mature protein sequence occurs in 
the extracellular domain and is a non-conservative 
replacement. The human sequence contains Trp 95 
while this residue is an Arg in the bovine sequence. 
The 474 amino acid ,&l subunit displays 98% se- 
quence identity (11 amino acid differences). In this 
case, only one of the differences is located within 
the 25 residue signal peptide. Of the remainder, 
two non-conservative replacements are found at 
the extreme N-terminus and the other 8 are located 
within the intracellular loop located between 
transmembrane domains 3 and 4. Of these, only 
two are conservative in nature. The concentration 
of sequence differences within the intracellular 
loop is consistent with this region of all members 
of this receptor superfamily being the most 
divergent. The results obtained suggest that the 
GABAA receptor subunits are very highly con- 
served among the mammalian species. 
The cloned human al and fll subunit cDNAs 
have recently been expressed in mammalian cells 
[3]. Using this technique, we transfected human 
cells as described and obtained electrophysio- 
logical recordings 48 h after transfection. GABAA 
receptors expressed in mammalian cells have many 
of the properties of the native receptors [3]. They 
conduct chloride ions, are specifically inhibited by 
picrotoxin and the competitive GABAA receptor 
364 
antagonist bicuculline and are potentiated by bar- 
biturates. They do not display benzodiazepine 
responsiveness [3,5]. Single cell dose-response 
curves of GABA-induced currents (fig.2) had an 
average slope of 1 (SD = 0.1, N = 5), indicating 
that binding of only one GABA molecule per 
receptor caused a channel opening. This is at 
variance with the observed cooperativity of 
neurotransmitter gating of GABAA receptor chan- 
nels [6-81, but in agreement with results obtained 
by coexpression of (Y- and P-subunits in Xenopus 
oocytes [2,5]. 
Our results suggest a more complex composition 
of neuronal GABAA receptors. Other hitherto 
unknown subunits may coassemble with cul and fil 
subunits to generate a full display of all known 
receptor properties. The recent isolation in our 
laboratory of cDNAs which encode proteins with 
partial sequence identity to the LY- and &subunits 
should facilitate the experimental evaluation of the 
design of this important neurotransmitter 
receptor. 
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